J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



Publication number: 



0 379 202 

A2 



EUROPEAN PATENT APPLICATION 



t£) Application number: 90101029.8 
«»> Date of filing: 18.01.90 



<gj Pnorrty: 19.01.89 JP 8495/89 

>*3 j Date of publication of application: 
25.07.90 Bulletin 90/30 

■£) Designated Contracting States: 
DE FH GB IT 



<r> int. a 5 H01P 5/16. H01P 1/18, 
H03F 3/26, H03F 3/60 



0 Applicant: FUJITSU LIMITED 

1015, Kamikodanaka Nakahara-ku 
Kawasaki-shi Kanagawa 211(JP) 

@ Inventor: Sakai, Fuminori 

$-1-1-12-503, Kirigaoka, Midori-ku 
Yokohama-shi, Kanagawa, 227{JP) 
Inventor: Suzuki, Hidetake 
1-14-33, Noge, Setagaya-ku 
Tokyo, 158(JP) 



© Representative: Schmidt-Evers, Jurgen, 
DipUng. et al 

Patentanwilte Mitscherlich, Gunschmann 
Dr. Kbrber, Schmidt-Evers, Melzer, Dr. Schulz 
Steinsdorfstrasse 10 
D-8000 Munchen 22(DE) 



© Phase inverter and push-pull amplifier using the same. 



© A phase inverter includes first, second, third and 
fourth terminals 001 - 104), a first coupling circuit 
(1000 coupled between the first and second termi- 
nal, a second coupling circuit (100?) coupled be- 
tween the second and third terminals, a third cou- 
pling circuit (100s) coupled between the third and 
fourth terminals, and a fourth coupling circuit (100*) 
coupled between the first and fourth terminals. The 
first to fourth terminals and the first to fourth cou- 
pling circuits are arranged into a ring. The first 
JjJ coupling circuit is of a type different from a type of 
^the fourth coupling circuit. The second and third 
coupling circuits are identical in type. Two output 
2 signals having a phase difference of 180 " are drawn 
^from the second and fourth terminal when an input 
O terminal is applied to the first terminal, and an output 
tj signal is drawn from the first terminal when two mc t 
signals having a phase difference of 180* are ap- 
© plied to the second and fourth terminals. A push-pull 
^amplifier using two phase inverter each having the 
UJ above-mentioned configuration is also provided. 
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PHASE INVERTER AND PUSH-PULL AMPLIFIER USING THE SAME 



BACKGROUND OF THE INVENTION 

The present invention generally relates to a 
phase inverter, and more particularly to a phase 
inverter which receives a radio frequency signal 
and derives two radio frequency signals having a 
phase difference of 180* therefrom. Further, the 
present invention is directed to a push-putt am- 
plifier using such a phase inverter. 

Conventionally, it is known to form a phase 
inverter by the use of a transformer, a capacitor or 
an inductor. Such a phase inverter is suitable tor a 
low-frequency range. In other words, the use of a 
transformer, a capacitor or an inductor is not suit- 
able for a very high frequency range in the order of 
tens of giga-hertz or higher because of the pres- 
ence of stray capacitance. From this reason, it is 
necessary to use a distributed element circuit such 
as a coupled tine network in the range of very high 
frequencies (microwave range). 

Referring to FIG.1, there is illustrated a conven- 
tional phase inverter using parallel coupled lines. 
Ring-shaped transmission lines 2 and 3 formed of 
a conductive material are arranged on a dielectric 
substrate 1 so that two networks each composed of 
two \J4 parallel coupled lines are formed (X is the 
wavelength of a signal applied to the transmission 
: line 3). The transmission line 2 has terminals 4?, 4 3 
and 4*. and the transmission line 3 has a terminal 
4, . Two adjacent terminals among the terminals 4,. 
42, 4 3 and 4 4 have a phase difference of 90* A 
signal applied to the terminal 4, is equally distrib- 
uted to the terminals 4? and 4*. A signal output 
from the terminal 42 has the +90* phase dif- 
ference with respect to the input signal, and a 
signal output from the terminal 4i has the -90* 
phase difference with respect to the input signal. 
Thus, the signals having a phase difference of 
180* are output through the terminals *n and 4*. In 
this case, the signals output from the terminals 4 2 
and 4* are combined together at the terminal 4o- 
However, since the signals at the terminals 42 and 
4* are 180* out of phase, no signal is output from 
the terminal 4 3 . 

F1G.2A is a graph of amplitude vs. normalized 
frequency characteristics of the conventional phase 
inverter shown in FIG.1 , and FIG.2B is a graph of 
phase vs. normalized frequency characteristics 
thereof. A curve I is a characteristic of a signal 
passing from the terminal 4i to the terminal 42. A 
curve II is a characteristic of a signal passing from 
the terminal 4, to the terminal 4*. It can be seen 
from FIG.2A that the amplitude characteristic of the 
signal passing from the terminal 4i to the terminal 
4 2 is approximately flat in the i 0.4f 0 range where 



fo is the center frequency of this signal (equal to 
12.5 GHz, for example). On the other hand, the 
amplitude characteristic of the signal passing from 
the terminal 4t to the terminal 4 3 is approximately 
5 flat only m the i 02fo range. Such a range is 
narrow and insufficient in view of practical board- 
band use. 

It can be seen from FIG.2B that the phase 
characteristics of the signal passing from the termi- 

10 nal 4i to the terminal 4 2 and the signal passing 
from the terminal 4i to the terminal 4* have a 
phase difference of 180* in a range of £ 04f 0 . 
From the above-mentioned reasons, it is desired to 
provide a phase inverter in which the amplitude 

is and phase characteristics of two 180* out-of-phase 
output signals are both flat in a wider frequency 
range. 

20 SUMMARY OF THE INVENTION 

It is a general object of the present invention to 
provide an improved phase inverter in which the 
aforementioned disadvantages are got rid of. 
25 A more specific object of the present invention 

is to provide a phase inverter in which the am- 
plitude and phase characteristics of two output 
signals having a phase difference of 1 80 are both 
flat in a wider very-high frequency range. 
30 The above objects of the present invention are 

achieved by a phase inverter comprising first, sec- 
ond, third and fourth terminals, a first coupling 
circuit coupled between the first and second termi- 
nals, a second coupling circuit coupled between 
35 the second and third terminals, a third coupling 
circuit coupled between the third and fourth termi- 
nals, and a fourth coupling circuit coupled between 
the first and fourth terminals. The first to fourth 
terminals and the first to fourth coupling circuits are 
40 arranged into a ring. The first coupling circuit is of 
a type different from a type of the fourth coupling 
circuit. The second and third coupling circuits are 
identical in type. Two output signals having a 
phase difference of 180* are drawn from the sec- 
45 ond and fourth terminal when an input terminal is 
applied to the first terminal, and an output signal is 
drawn from the first terminal when two input signals 
having a phase difference of 180* are applied to 
the second and fourth terminals, 
so Another object of the present invention is to 

provide a push-pull amplifier using the above-men- 
tioned phase inverter. 

This object of the present invention is achieved 
by a push-pull amplifier comprising a first phase 
inverter having an input terminal receiving an input 
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signal and two output terminals, a second phase 
inverter navmg two input terminals and an output 
terminal outputting an output signal, a first amplifier 
coupled between one of the two output terminals of 
the first phase inverter and one of the two input 
terminals of the second phase inverter, and a sec- 
ond amplifier coupled between the other output 
terminal of the first phase inverter and the other 
input terminal of the second phase inverter. Each 
of the first and second phase inverters includes 
first, second, third and fourth terminals, a first cou- 
pling circuit coupled between the first and second 
terminals, a second coupling circuit coupled be- 
tween the second and third terminals, a third cou- 
pling circuit coupled between the third and fourth 
terminals, and a fourth coupling circuit coupled 
between the first and fourth terminals. The first to 
fourth terminals and the first to fourth coupling 
circuits are arranged into a ring. The first coupling 
circuit is of a type different from a type of the 
fourth coupling circuit, and the second and third 
coupling circuits being identical in type. The first, 
second, and fourth terminals of the first phase 
inverter are the input terminal and the two output 
terminals thereof, respectively. The first, second 
and fourth terminals of the second phase inverter 
are the two input terminals and the output terminal 
thereof, respectively. The third terminals of the first 
and second phase inverters are grounded through 
first and second resistors, respectively. 

Additional objects, features and advantages of 
the present invention will become apparent from 
the following detailed description when read in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.l is a diagram of a conventional phase 
inverter; 

FIG.2A is a graph illustrating amplitude vs. 
normalized frequency characteristics of the phase 
inverter shown in FIG.l; 

FIG-2B is a graph illustrating phase vs. nor- 
malized frequency characteristics of the phase in- 
verter shown in FIG.l; 

FlG.3 is a diagram illustrating the principle of 
the present invention; 

FIG 4A is a diagram of a phase inverter 
according to a first embodiment of the present 
invention; 

FIG 4B is a diagram of another phase m- 
verte r according to the first embodiment of the 
present invention; 

FIGS.5A and 5B are diagrams illustrating x/4 
parallel coupled une networks; 

F1G.6A is a d.agram of a phase inverter 
according to a second embodiment of the present 



invention; 

FIG.6B is a diagram of another phase in- 
verter according to the second embodiment cr tre 
present invention: 
5 FIG. 7 is a diagram of a directional coupler; 

FIG.BA is a graph of amplitude vs. normal- 
ized frequency characteristics of the embodiment 
snown in FIG.6A; 

FIG.8B is a graph of phase vs normalized 
w frequency characteristics of the embodiment shown 
in F1G.6A; 

FIGS.9A through 9D are diagrams of vari- 
ations of the arrangements shown in FIGS.4A and 
4B; 

75 FIG. 1 0A is a diagram of a variation of the 

arrangements shown in F1GS.4A and 4B; 

FIGS. 1 0B and 10C are diagrams of modifica- 
tions of the first and second emDodtments. respec- 
tively; 

20 FIG.10D is a diagram of an arrangement 

equivalent to the arrangement shown in FIG 1 0B; 

FIG.11 A is a diagram of a variation of the 
phase inverter according to the first embodiment of 
the present invention; 

25 FIGS.1 1 B through 1 1 D are diagrams illustrat- 

ing structures of transmission lines; 

FIG. 12 is a diagram illustrating the principle 
of a phase inverter according to a third embodi- 
ment of the present invention in which coupling 

30 circuits are formed by waveguide directional cou- 
plers; 

FIG.13A is a plan view of the third emDOdi- 
ment of the present invention; 

FIG.13B is a front view of the third emoodi- 
35 ment of the present invention; 

FIG.14A is a perspective view of a 
waveguide directional coupler used in the third 
embodiment of the present invention; 

FIG14B is a perspective view of another 
40 waveguide directional coupler used in the third 
embodiment of the present invention; 

FIGS.15A and 15B are diagrams showing the 
types of the third embodiment; 

FIG. 16 is a circuit diagram of a push-pull 
45 amplifier to which the phase inverter of the present 
invention is applied; 

FIG. 17 is a diagram illustrating a first con- 
figuration of the push-pull amplifier according to the 
present invention; 
50 FIG.l 8 is a diagram illustrating a second 

configuration of the push-pull amplifier according to 
the present invention, and 

FIG. 19 is a diagram illustrating a third con- 
figuration of the pirsh-pull amplifier according to the 
55 present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 
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FIG. 3 is a diagram illustrating the principle of 
the present invention. A phase inverter according to 
the present invention includes coupling circuits 
1OO1, 1OO2. 100 3 and 100* each formed by X/4 
parallel coupled lines. The coupling circuits 100t - 
100* are arranged into a ring and coupled to each 
other through terminals 101, 102. 103 and 104 as 
shown in FIG.3. When two output signals are de- 
rived from an input signal, the terminal 101 serves 
as an input terminal of the phase inverter, and the 
terminals 102 and 104 serve as output terminals 
thereof. When an input signal is applied to the 
input terminal 101, 180* out-of-phase signals are 
drawn from the output terminals 102 and 104. No 
signal is drawn from the terminal 103. 

The type of the coupling circuit 100i between 
the input terminal 101 and the output terminal 102 
is different from that of the coupling circuit 100* 
between the input terminal 101 and the output 
terminal 104 For example, the coupling circuit 

1001 is formed by open coupled lines, and the 
coupling circuit 100* is formed by grounded coup- 
led lines. On the other hand, the type of the cou- 
pling circuit IOO2 is the same as that of the cou- 
pling circuit 100;j. That is. the coupling circuits 

100 2 and 100 3 are formed by open coupled lines 
or grounded coupled lines. 

Alternatively, the terminals 102 and 104 serve 
as input terminals, and the terminal 101 serves as 
an output terminal. In this alternative, two 180* out- 
of-phase input signals are applied to the terminals 
102 and 104 and combined, and an output signal is 
drawn from the output terminal 101. 

F1G.4A is a plan view of a phase inverter ac- 
cording to a first embodiment of the present inven- 
tion. The phase inverter includes transmission lines 
1O1, 1O2. 1O3 and 10*. each of which is in the 
shape of a substantially haif circle. The transmis- 
sion lines 1O1 • 10* are arranged on a dielectric 
substrate 1 so as 1o form a ring. The transmission 
lines iOi. 10 2 , 1O3 and 10* have terminals 20, 21. 
22 and 23. respectively. Opposite portions of adja- 
cent transmission lines form X/4 parallel coupled 
lines by which a coupling circuit (network of x/4 
parallel coupled lines) is formed. That is. four cou- 
pling circuits or networks are connected through 
the terminals 20 - 23 as shown in F1G.4A. In 
F1G.4A. "0" indicates an open end of a transmis- 
sion line, and indicates a grounded end of a 
transmission line. 

A network composed of X/4 parallel coupled 
lines is classified into either a double-end open 
type or a double-end grounded type. FIG.5A shows 
a x/4 parallel coupled line network of the double- 
end open type, and FIG.5B shows a x/4 parallel 
coupled line network of the doubie-end grounded 
type. The x/4 parallel coupled line networks shown 
in FIGS.5A and 5B function as bandpass filters 



The phase difference between a terminal 1 1 of one 
of the two transmission lines shown in FIG.5A and 
a terminal 12 of tne other transmission line is equal 
to + 90* at the center frequency f 0 . There is the - 
5 90* phase difference between a terminal 13 of one 
of the two transmission lines shown in FIG.5B and 
a terminal 14 of the other transmission line at the 
center frequency fo . 

Turning to FIG.4A. x/4 parallel coupled line 
jo networks of the double-end open type {coupling 
circuits) are respectively provided between the ter- 
minals 20 and 21. terminals 21 and 22, and termi- 
nals 22 and 23. A x/4 parallel coupled line network 
of the double-end grounded type (a coupling ar- 
ts cuit) is provided between the terminals 20 and 23. 
The type of the network between the input terminal 
20 and the output terminal 21 is different from the 
type of the network between the input terminal 20 
and the output terminal 23. The network between 
20 the terminals 21 and 22 is of the same type as tne 
network between the terminals 22 and 23. When 
the input signal applied to the input terminal 20, 
180* out-of-phase signals having the same am- 
plitude are drawn from the output terminals 21 and 
25 23. Particularly at the center frequency fo, there is 
the + 90' phase difference between the input 
terminal 20 and the output terminal 21. and the - 
90* phase difference between the input terminal 
20 and the output terminal 23. In an alternative use 
30 of the phase inverter shown in F1G.2A, the termi- 
nals 21 and 23 serve as input terminals, and the 
terminal 20 serves as an input terminal. Two 180 
out-of-phase signals applied to the terminals 21 
and 23 are combined together so that a combined 
35 output signal is obtained at the terminal 20. 

The first embodiment of the present invention 
employs four X/4 parallel coupled line networks 
provided between the individual adjacent terminals. 
This arrangement of the first embodiment is appar- 
40 ently distinguishable from the conventional arrange- 
ment shown in FIG.1. It has been found that the 
amplitude characteristics of the output signals are 
flat in an improved range of s 0.3fo. 

In FIG.2B, a x/4 parallel coupled line network of 
45 the double-end open type is provided between the 
input terminal 20 and the output terminal 21. and 
X/4 parallel coupled line networks of the double-end 
grounded type are provided between the terminals 
21 and 22, terminals 22 and 23, and terminals 20 
50 and 23. The type of the network between the input 
terminal 20 and the output terminal 21 is different 
from the type of the input terminal 20 and the 
output terminal 23. The ' arrangement sh:*n in 
FIG.4B presents an improved amplitude fla- ange 
55 of i 0.3fo- 

FIG.6A is a diagram of a phase inverter accord- 
ing to a second embodiment of the present inven- 
tion. The second embodiment uses directional cou- 
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piers which are networks each composed of par- 
allel coupled lines. Networks (cirectional couplers) 
35-, 35 2 , 35 3 and 35* are of the ring coupier type 
and are arranged into a ring on the dielectric suD- 
strate 1. Terminals 30, 31. 32 and 33 are provided 
oetween individual adjacent directional couplers 
among the directional couplers 35i - 35*. As 
shown in FIG 7, each of the directional couplers 

351 - 35* has a plurality of comb-shaped inter* 
digital transmission lines The transmission lines 
are electrically coupled to each other for every 
other transmission lines through conducting jump 
wires 39. The directional coupler has four terminals 
35, 36, 37 and 38. In a directional coupler of the 
open type, the terminal 35 (couple port) and the 
terminal 36 {main port) are both open. In a direc- 
tional coupler of the grounded type, the terminals 
35 and 36 are both grounaed. In the open type 
directional coupler, there is the 90* phase dif- 
ference between the terminal 37 (input port) and 
the terminal 38 (isolation port) at the center fre- 
quency fo. In the grounded type directional coupler, 
there is the - 90* phase difference between the 
terminals 37 and 38 at the center frequency fo. The 
directional coupler shown in FIG.7 itself is known to 
a person having an ordinary skill in the art. 

Turning to FIG.6A. the directional couplers 35t . 

352 and 353 respectively provided between the 
terminals 30 and 31, 31 and 32. and 32 and 33 are 
of the open type, and the directional coupier 35* 
provided between the terminals 30 and 33 is of the 
grounded type. When an input signal is applied to 
the input terminal 30, 180* out-ol-phase signals 
are arawn from the output terminals 31 and 33. 
Particularly at the center frequency fo. there is the 
+ 90* phase difference between the terminals 30 
and 31 , and the -90* phase difference between the 
terminals 30 and 33. 

Three directional couplers shown in FIG.6B 
provided between the terminals 31 and 32, 32 and 
33, and 33 and 30 are of the grounded type, and 
the remaining directional coupler provided between 
the terminals 30 and 31 is of the open type. When 
an input signal is applied to the input terminal 30, 
180* out-of-phase signaJs are drawn from the out- 
put terminals 31 and 33. Particularly at the center 
frequency fo. there is the + 90* phase difference 
between the terminals 30 and 31, and the - 90* 
phase difference between the terminals 30 and 33. 

FIG.8A is a graph illustrating amplitude vs. 
normalized frequency characteristics of signals 
passing through the phase inverter shown in 
FIG.6A. FIG.BB is a graph illustrating phase vs. 
normalized frequency characten sties of signals 
passing therethrough. A curve III shows frequency 
characteristics of a signal passing from the input 
terminal 30 to the output terminal 31 , and a curve 
IV shows frequency characteristics of a signal 



oassirg from the input terminal 30 to the output 
terminal 33 The amplitude charactenst.es of Te 
signals III and IV are both flat in the t 0.4f : range 
(the center frequency fo is 12.5GHz. for example) 

5 The amplitude cnaractenstics of signals are consid- 
erably improved as compared with those for the 
conventional phase inverter shown in FIG 1. The 
180* phase difference between the signals is od- 
tained tn the - 0.4f 0 range. In an alternative use. 

w the terminals 3i and 33 serve as input terminals, 
and the terminal 30 serves as an output terminal 

FIGS.9A through 9D respectively show vari- 
ations of the aforementioned first embodiments. A 
variety of patterns of transmission line is showr 

is The transmission imes of the aforementioned 

individual phase inverters have the same pattern 
width. For example, the transmission lines id - 
!0i shown m FIG.4A have the same pattern width. 
Similarly, as shown in FIG.10A. networks 36 - 39 

20 provided between terminals 40 - 44 are individually 
composed of two coupled lines having the same 
pattern width. The terminals 40 - 43 have the same 
impedance. 

A modification of the phase inverter shown in 

25 FIG. 1 0A is illustrated in FIG. 1 0B. The phase in- 
verter shown in FIG. 1 0B also functions as an im- 
pedance converter. The phase inverter includes 
nerworks (coupling circuits) 45. 46, 47 and 48 pro- 
vided between the terminals 50. 51, 52 and 53. 

30 Each of the networks 45 - 48 is formed by a pair of 
transmission lines W1 and W2. The transmission 
line W1 is wider than the transmission line W2 (W1 
> W2). Each of the terminals 50 and 52 has high 
impedance (H). and each of the terminals 51 and 

35 53 has low impedance (L). That is, the phase 
inverter shown in FIG. 1 0B also serves as an im- 
pedance converter. When an input signal is applied 
to the terminal 50, 180* out-of-phase signals are 
drawn from the terminals 51 and 53. 

40 A phase inverter shown in F1G.10C has net- 

works (directional couplers) 55, 56, 57 and 58 
respectively provided between the terminals 60 and 
61. 61 and 62. 62 and 63. and 60 and 63. Each of 
the directional couplers 55 - 58 is formed by three 

45 transmission lines Wl , W2 and W3. The transmis- 
sion lines Wi and W3 having the same pattern 
width are mutually connected through jump wires. 
The transmission lines W1 and W3 are wider than 
the transmission line W2. Each of the terminals 60 

so and 62 has high impedance, and each of the termi- 
nals 61 and 63 has low impedance. Thai is, the 
phase inverter shown in FIG.10C also functions as 
an impedance converter. 

The phase inverter shown in FIG.10B is equiv- 

55 alent to a phase inverter shown in FIG.10D. The 
phase inverts depicted in FIG.10D has the phase 
inverter shown in FIG. 1 0A. A transformer 65 ex- 
tends from the phase inverter to the terminal 41. 
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The transformer 65 has two stepwise line portions 
65a and 55b each having a length of X/4. The line 
portion 65b connected to the terminal 41 is wider 
than the line portion 65a. Impedance of the termi- 
nal 41 is less than that of the terminal 40. Similarly, 
a transformer 66 having two line portions 66a and 
66b extends from the phase inverter to the terminal 
43. The terminal 43 has low impedance as com- 
pared with that of the terminal 40. The signals 
drawn from the terminals 41 and 43 are 180* out 
of phase 

The transmission lines shown in FIGS.4A. 4B. 
9A - 9D. and 10A - 10D are not limited to curved 
transmission lines. As shown in FIG 11 A. straight 
transmission lines can be used instead of curved 
transmission lines 

The aforementioned transmission lines are con- 
ductive patterns formed on a dielectric substrate 
having a dielectric constant < t as shown in FIG.1 1B, 
which illustrates a microstrip structure. Alternative- 
ly, the transmission lines are formed by a coplaner 
waveguide as shown in FIGS.11C and 1 1D. Ground 
planes are grounded. A signal passes through the 
dielectric substrate. Thus, a loss of signal is not 
negligible in the order of tens of giga-hertz. A 
waveguide directional coupler is suitable for a very- 
high frequency range of tens of giga-hertz or high- 
er. 

FIG. 12 is a diagram of a configuration of the 
phase inverter m which the coupling circuits shown 
in FIG. 3 are formed by waveguide directional cir- 
: cuits. Referring to FIG. 12. waveguide directional 
couplers 70 1. 70 2 , 70 3 and 70* are coupled 
through three-branch waveguides 71 1( 71 2 , 71 3 and 
71*. Terminals 72,. 72 2> 72 3 and 724 are con- 
nected to the three-branch waveguides 71 1, 71 2l 
71 3 and 71*. respectively. In actuality, one of the 
three branches of each of the three-branch 
waveguides 71, -71* serves as the corresponding 
input or output terminal. Short-circuit elements 73i, 
73 2 , 73^ and 73* are coupled to the waveguide 
directional couplers 70i, 702, 70j and 70*. respec- 
tively. Each of the waveguide directional couplers 
7d - 70* has an input port, a main port, a couple 
port and an isolation port. The main port and the 
couple port of each of the waveguide directional 
couplers 70i - 70* are short-circuited by the re- 
spective short-circuit elements 73, - 73*. The input 
and isolation ports are coupled to two of the three 
branches of the corresponding three-branch 
waveguides. The waveguide directional couplers 
70i - 70 have the same length. The reflection angle 
of each of the short-circuit elements 73 t , 73 2 and 
73 3 is different by 1 30 ' from the reflection angle of 
the short-circuit element 73*. An input signal is 
applied to the terminal 72i. Two output signals 
each having the same amplitude of the input signal 
are drawn from the terminals 72 2 and 72*. There is 
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the 180 difference between the signals output 
from the terminals 72 2 and 72* 

FIGS.13A and 13B are respectively plan and 
front views of a phase inverter accoroing to a third 
5 embodiment of the present invention The illus- 
trated phase inverter uses waveguide directional 
couplers arranged as shown in FIG.1 2 Waveguide 
directional couplers 80i , 80 2 , 80 3 and 80* are of 
the magnetic field coupling type and correspond to 

w the waveguide directional couplers 70, . 70 2 , 70 3 
and 70*, respectively. A broken line represents an 
inner wall. Three-branch waveguides 81 1. 81 2 , 81 3 
and 81* are arranged into a ring and couples the 
waveguide directional couplers 80i - 80*. which 

js extend radially. An elongated waveguide 82 having 
a length of W4 (W4 is the wavelength within the 
wavegutde 82) is directly connected to an end of 
the waveguide directional coupler 80*. Short-circuit 
plates 83,, 83? , 83s are provided for ends of the 

20 waveguide directional couplers 80i. 80 2 and 8O3. 
respectively, so that the main and couple ports 
thereof are short-circuited. A short-circuit plate 83* 
is provided for an end of the elongated waveguioe 
82 so that main and coupte ports thereof are short- 

25 circuited. No short-circuit plate is fastened to the 
end of the waveguide directional coupler 80*. Ter- 
minals 84i. 842, 84 3 and 84* are connected to the 
three-branch waveguides 81 1, 81 2, 81 3 and 81* , 
respectively. 

30 Each of the waveguide directional couplers 80 1 

- 80* has a structure as shown in FIG. 14A. The 
one-dotted chain lines shown in FIG.1 4A represent 
the elongated waveguide 82 shown in FIG.13A. 
Each of the waveguide directional couplers 80t - 

as 80* has an input port A, a main port B, a couple 
port C and an isolation port D. As illustrated by the 
arrows, a signal input through the input port A is 
output through the main port B and the couple port 
C. Signals which are respectively input through the 

40 main port and the coupled port C are combined 
and then drawn through the isolation port 0. A 
letter "S n indicates the short-circuit plate 83* (a 
short-circuit plate provided for the end of the 
waveguide directional coupler is omitted for the 

45 sake of simplicity}, a reference G M indicate a main 
guide, and a reference G* indicates an auxiliary 
guide, and a reference "P" indicates a plane of 
symmetry of magnetic field. 

Turning to FIG.1 3A, a signal supplied to the 

so terminal 84, (A) is equally distributed so that 180* 
out-of-phase signals are output from the terminals 
84 2 (P1) and 84* (P2). No signal is output from the 
terminal 84 3 (E). Alternatively, 180* out-of-phase 
signals supplied to the terminals 842 (P1) and 84* - 

55 (P2) are combined so that a signal is output from 
the terminal 84i (A). The short-circuit plate 83i is 
directly connected to the waveguide directional 
coupler 8O1. Alternatively, a short-circuit element of 
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a waveguide having a length I equal to (W4)n and 
a short-circuit plate connected to an end thereof 
may be used where V is an integer. When n = 0, 
the short-circurt plate 83i is directly connected to 
the end of the waveguide directional coupler 80' . 
When the short-circuit element of a length l equal 
to (Xo'4)n is used, the elongated waveguide 82 
having a length of Xo/4 is replaced by an elongated 
waveguide having a length I of (Xo/4) |n + t) and 
having a short-circuit plate connected to an end 
thereof. In this alternative, there is the 180* pnase 
difference between the path between the input port 
A and the isolation port D of the waveguide direc- 
tional coupler 8O1 and the path between the input 
port A and the isolation port D of the waveguide 
directional coupler 80*. A signal applied to the 
elongated waveguide 82 is reflected by the short- 
circuit plate 834 and is then output therefrom so 
that a phase difference of (X 0 /4) x 2 = 180* can 
be generated. 

Alternatively, each of the waveguide directional 
couplers 70i - 70* {FIG. 12) may be formed by an 
electric field coupling type waveguide directional 
coupler as shown m FIG. MB, in which those parts 
which have the same functions as those in FIG.14A 
are given the same references. The waveguide 
directional coupler shown in FIG.14A has two 
waveguides arranged side by side. On the other 
hand, the waveguide directional coupler shown in 
FIG.14B has waveguides elevationaily stacked. 

FIG.15A is diagram showing the type of each 
of the waveguide directional couplers shown in 
FIGS.13A and 13B. Each of the waveguide direc- 
tional couplers 80 1. 8O2 and 803 is of the double- 
end grounded type, and the combination of the 
waveguide directional coupler 80* and the elon- 
gated waveguide 82 having the short-circuit plate 
83* {elongated waveguide short-circuit element) is 
of the double-end open type. Alternatively, as 
shown in FIG.15B, it is possible to employ three 
waveguide directional couplers of the double-end 
open type and a waveguide directional coupler of 
the double-end grounded type. In the alternative, a 
Xo/4 elongated waveguide having a short-circuit 
plate is directly connected to an end of each of trie 
waveguide directional coupler of the double-end 
open type, and a short-circuit plate is directly con- 
nected to an end of the remaining waveguide direc- 
tional plate of the double-end grounded type ft can 
be seen from the above description that the third 
embodiment of the present invention has four vari- 
ations. The first and second variations are phase 
inverters having the arrangement shown in FIG.15A 
in which the waveguide directional couplers are of 
the magnetic field coupling type and the electric 
field coupling type. The third and fourth variations 
are phase inverters having the arrangement shown 
in F1G.15B in which the waveguide directional cou- 



plers are of the magnetic fied coi-pling type and 
trie electric fieic coupling type 

FIG. 16 is a circuit aiagram of a pusn-pu:l am- 
plifier which uses two phase inverters accordm; to 

s tne present invention The illustrated push-pull am- 
plifier has two phase inverters 90 and 91 config- 
ured according to the present invention. The phase 
inverter 90 has a single input terminal and two 
output terminals, and the phase inverter 91 has two 

fo input terminals and a single output terminal. An 
amplifier A1 is provided between one of the two 
output terminals of the phase inverter 90 and one 
of the two input terminals of the phase inverter 9i 
An amplifier A2 is provided between the other 

T5 output terminal of the phase inverter 90 and the 
other input terminal of the phase inverter 91 . Ar RF 
{radio frequency) signal a is applied to the phase 
inverter 90, which outputs" two output signals b and 
c having a phase difference of 180* . The signals b 

20 and c are amplified by the amplifiers A1 and A2, 
respectively, and supplied to the phase inverter 91. 
The amplified signals b and c are combined by the 
phase inverter 91. which generates an RF output 
signal d. The amplifiers A1 and A2 are B-class 

25 amplifiers. Thus, each of the amplifiers A1 and A2 
amplifies either one of the polarities of the am- 
plified signals b and c. The phase of amplified 
signal b is inverted by 180* by the phase inverter 
91 so "that the RF output signal d has both the 

30 polarities. The phase inverters 90 and 91 have 
middle-point ground terminals 92 and 93, respec- 
tively so that the reference D.C level of the output 
signal b is equal to that of the output signal c. 

FIG. 17 is a diagram of a push-pull amplifier m 

35 which the phase inverters 90 and 91 are formed by 
x/4 parallel coupled line networks according to the 
first embodiment of the present invention. Each of 
the phase inverters has one grounded-coupled 
lines network between the terminals 21 and 23. 

40 Thus, it is considered that a middle-point ground 
terminal is substantially provided between the net- 
works provided between the terminals 21 and 23. 
The terminal 22 of the phase inverter 90 which is 
grounded through a resistor R1 {having a resis- 
ts tance of 50 ohms, for example) corresponds to the 
middle-point ground terminal 92 shown in FIG. 16. 
The terminal 22 of the phase inverter 91 which is 
grounded through a resistor R2 (having a resis- 
tance of 50 ohms, for example) corresponds to the 

50 middle-point ground terminal 93 shown in FIG. 16. 
An RF signal is applied to the terminal 20 of the 
phase inverter 90. The B-class amplifier A1 is 
connected between the terminal 21 of the phase 
inverter 90 and Ihe terminal 23 of the phase m- 

55 verter 91. The B-class amplifier A2 is connected 
between the terminal 23 of the phase inverter 90 
and the terminal 21 of the phase inverter 91 The 
RF output signal is drawn from the terminal 20 of 
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the phase inverter 91 . 

FIG. 18 is a diagram of a push-pull amplifier in 
which the phase inverters 90 and 91 are formed by 
directional couplers according to the second em- 
bodiment of the present invention. An RF input 
signal is applied to the terminal 30 of the phase 
inverter 90. which outputs 180* out-of-phase sig- 
nals through the terminals 31 and 33. The signals 
drawn from the terminals 31 and 33 pass through 
the B-class amplifier 31 and 33. and then applied 
to the terminals 33 and 31 of the phase inverter 91. 
respectively. The RF signal is drawn from the ter- 
minal of the phase inverter 91. The terminals 32 of 
the phase inverters 90 and 91 are grounded 
through the resistors R1 and R2 t respectively The 
terminals 32 of the phase inverters 90 and 91 
correspond to the middle-point ground terminals 
92. and 93, respectively. 

FIG. 19 is a diagram of a push-pull amplifier in 
which the phase inverters 90 and 91 are formed by 
waveguide directional couplers according to the 
third embodiment of the present invention. An RF 
input signal is applied to one of the three branches 
of the three-branch waveguide 84i of the phase 
inverter 90 One of the three branches of the three- 
branch waveguide 842 is coupled to the B-class 
amplifier A1 through a waveguide 86i . One of the 
three branches of the three-branch waveguides 84* 
of the phase inverter 90 is coupled to the B-class 
amplifier A2 through a waveguide 863. A non- 
reflection terminator 85 having a resistance of 50 
ohms is connected to one of the three branches of 
the three-branch waveguide 84 3 of the phase in- 
verter 90. The B-cfass amplifier A1 is connected to 
one of the three branches of the three-branch 
waveguide 84* of the phase inverter 91 through a 
waveguide 863. and the B-class amplifier A2 is 
connected to one of the three-branches of the 
three-branch waveguide 84? of the phase inverter 
91 through a waveguide 86*. A non-reflection 
terminator 87 having a resistance of 50 ohms is 
connected to the one of the three branches of the 
three-branch waveguide 84a of the phase inverter 
91. The short-circuit elements 73i, 73 2l 733 and 
73* (FIG. 12) serving as the middle-point ground 
terminals 92 and 93 (FIG. 16) are provided so that 
the reference D.C. level of the output signal b is 
equal to that of the output signal c. 

The present invention is applied to not only the 
push-pull amDlifier but also a mixer, a mono-pulse 
comparator and the like. 

The present invention is not limited to the 
aforementioned embodiments, and variations and 
modifications may be made without departing from 
the scope of the present invention. 



Claims 



A phase inverter comprising: 

first, second, third and fourth terminals (101 - 104); 

a first coupling circuit (I00i) coupled between sa;d 
5 first and second terminals; 

a second coupling circuit (100:) coupled between 

said second and third terminals; 

a third coupling circuit (100 3 ) coupled between said 

third and fourth terminals: and 
jo a fourth coupling circuit (100*) coupied between 

said first and fourth terminals. 

said first to fourth terminals and said first to fourth 

coupling circuits being arranged into a ring. 

sa»d first coupling circuit being of a type different 
15 from a type of said fourth coupling circuit, and said 

second and third coupling circuits being identical in 

type. 

wherein two output signals having a phase dif- 
ference of 180* are drawn from said second and 

20 fourth terminal when an input terminal is applied to 
said first terminal, and an output signal is drawn 
from said first terminal when two input signals 
having a phase difference of 180* are applied to 
said second and fourth terminals. 

25 2. A phase inverter as claimed in claim 1, 

characterized in that said first coupling circuit 
(l00i) has two ends which are both open, and said 
fourth coupling circuit has two ends which are 
grounded so that said first coupling circuit is dif- 

30 ferent in type from said fourth coupled circuit. 

3. A phase inverter as claimed in claim 1, 
characterized in that said first coupling circuit 
(100i) has two ends which are both grounded, and 
said fourth coupling circuit (100*) has two ends 

35 which are both open so that said first coupling 
circuit is different in type from said fourth coupling 
circuit. 

4. A phase inverter as claimed in any of claims 
1 to 3, characterized in that each of said second 

40 and third coupling circuits (IOO2, IOO3) has two 
ends which are both open so that said second and 
third coupling circuits are of the same type. 

5. A phase inverter as claimed in any of claims 
1 to 3, characterized in that each of said second 

45 and third coupling circuits (1OO2. 100a) has two 
ends which are both grounded so that said second 
and third coupling circuits are of the same type. 

6. A phase inverter as claimed in any of claims 
1 to 5, characterized in that each of said first to 

50 fourth coupling circuits (100i - 100*) comprises two 
coupled lines (id - 10*) each having a length of 
x/4 where X is a wavelength of each of said input 
and output signals. 

7. A phase inverter as claimed in any of claims 
55 1 to 5, characterized in that each of said first to 

fourth coupling circuits (100i - 100*) comprises 
three or more x/4 interdigital coupled lines (35i - 
35*) where X is a wavelength of each of said input 
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and output signals. 

8. A phase inverter as claimed in any of claims 
1 to 5, characterized in thai eacn o* said first to 
fourth coupling circuits (100- - 100*) comprises a 
directional coupler (35i - 35*). 

9. A phase inverter as claimed ir claim 6. 
characterized tn that said two coupled lines (1O1 - 
10*) have an identical width. 

10. A phase inverter as claimed in claim 6. 
characterized in mat one (Wi) of said two coupled 
lines is wider than the other coupled line (W2) 

11. A phase inverter as claimed m any of 
claums 1 to 5, characterized in that: 

each of said first to fourth coupling circuits (1OO1 - 
100*) has a first line {W2} and a second line (W1) 
wider than said first line, 

said first and second lines each have a length of 
x/4 where x is a wavelength of each of sad input 
and output signals and are arranged in parallel to 
thereby form coupled lines, 
said first line of each of said first and fourth cou- 
pling circuit is coupled to said first terminal (50), 
said first line of each of said second and third 
coupling circuit is connected to said third terminal 

(52) . 

said second line of each of said first and second 
coupling circuits is coupled to said second terminal 
(51), 

said second line of each of said third and fourth 
coupling circuits is coupled to said fourth terminal 

(53) . and 

an impedance of each of sad second and fourth 
terminals is lower than that of each of said first and 
third terminals. 

12. A phase inverter as claimed in any of 
claims 1 to 5, characterized in that: 

each of said first to fourth coupling circuits 
(100i - 100*) has a first group of lines mutually 
connected, 

a second group of lines (W1, W3) mutually con- 
nected. 

the lines of said first and second groups have an 
interdigital arrangement, 

the lines of said second group are wider than trie 
lines of said first group, 

said first group of lines of each of said first and 
fourth coupling circuit is coupled to said first termi- 
nal (60). 

said first group of lines of each of sad second and 
third coupling circuit is connected to satd third 
terminal (62). 

said second group of lines of each of said first and 
second coupling circuits is coupled to said second 
terminal (61), 

said second group of lines of each of said third and 
fourth coupling circuits is coupled to said fourth 
terminal (63), and 



an impedance of each of sa;d second anc fcunh 
terminals is ower than tnat of eacn of said first anc 
third terminals. 

13. A phase inverter as claimed m any ct 

5 claims 1 to 5. characterized m that said first to 
fourth coupling circuits (100i - 100*) respectively 
comprises first to fourth waveguide directional cou- 
plers (70 1 - 70*) each having a short-circuit ele- 
ment (73i - 73*) and having input (A), mam (B). 

w couple (C) and isolation (Di ports, and first to fourth 
branch waveguides (71. - 71*) each having first, 
second and third branches, and in that 
sad first branch waveguide (71,) couples said first 
and fourth waveguide directional couplers (70i . 

is 70*) through satd input and isolation ports thereof 
and said first and second branches of said first 
branch waveguide, the third branch thereof serving 
as said first terminal (72i), 

said second branch waveguide (71 2 ) couples said 

20 first and second waveguide directional couplers 
(70i, 702) through sad input and isolation ports 
and said first and second branches of said second 
branch waveguide, the third branch thereof serving 
as said second terminal (722), 

25 said third branch waveguide (71 3 ) couples said 
second and third waveguide directional couplers 
(702. 70a ) through said input and isolation ports 
thereof and said first and second branches of said 
third branch waveguide, the third branch thereof 

30 serving as said third terminal (72a), 

said fourth branch waveguide (71*) couples said 
third and fourth waveguide directional couplers 
(703 , 70*) through said input and isolation ports 
and sad first and second branches of said fourth 

35 branch waveguide, the third branch thereof serving 
as said fourth terminal (71*). and 
satd short-circuit element (73- - 73* ) is provided for 
said main and couple ports of each of said first to 
fourth waveguide directional couplers. 

40 14. A phase inverter as claimed in claim 13, 

characterized m that said short-circuit element for 
said fourth waveguide directional coupler (80*) has 
an elongated waveguide (82) directly coupled to 
sad man and couple ports of said fourth 

45 waveguide directional coupler, and a short-circuit 
plate (83*) which short-circuits said elongated 
waveguide, and in that said short-circuit element 
for each of said first to third waveguide directional 
couplers (80i - B0 3 ) includes a short-circuit eie- 
50 ment (84,- 84 3 ) which short-circuits said main and 
couple ports of each of said first tc third waveguide 
directional couplers. 

15. A phase inverter as clatmed in claim 13. 
characterized in that sad short-circuit element (71 1 
55 - 73a) provided for each of said first to third 
waveguide directional couplers (70 1 - 70 3 ) includes 
an elongated waveguide (82) directly coupled to 
sad man and couple ports thereof and a short- 
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circud plate (83i - 83 3 ) short-circuiting said elon- 
gated waveguide, and in that said short-circuit ele- 
ment provided for said fourth waveguide directional 
coupler (70*) includes a short-circuit plate (83+) 
which short-circuits said main and couple ports 
thereof. 

16. A phase inverter as claimed in claim 14. 
characterized in that said elongated waveguide (82) 
has a length corresponding to the 180* phase 
difference between said first and fourth terminals. 

17 A phase inverter as claimed in claim 15, 
characterized in that each of said elongated 
waveguides (82) has a length corresponding to the 
180* phase difference between satd first and 
fourth terminals. 

18 A phase inverter as claimed in any of 
claims 13 to 17, characterized in that each of said 
first to fourth waveguide directional couplers is 
selected fTom the group consisting of a magnetic 
field coupling type waveguide directional coupler 
(FIG 14A) and an electric field coupling type 
waveguide directional coupler (FIG.14B). 

19. A push-pull amplifier comprising: 
a first phase inverter (90) having an input terminal 
receiving an input signal and two output terminals: 
a secord phase inverter (91) having two input 
terminals and an output terminal outputting an out- 
put signal: 

a first amplifier (A1) coupled between one of said 
two output terminals of said first phase inverter and 
one of said two input terminals of said second 
■ phase inverter and 
a second amplifier (A2) coupled between the other 
output terminal of said first phase inverter and the 
other input terminal of said second phase inverter, 
each of said first and second phase inverters in- 
cluding: 

first, second, third and fourth terminals (101- 104); 
a first coupling arcuit (lOOi) coupled between said 
first and second terminals; 

a second coupling circuit {IOO2) coupled between 

said second and third terminals; 

a third coupling circuit (IOO3) coupled between said 

third and fourth terminals; and 

a fourth coupling circuit (IOO4) coupled between 

said first and fourth terminals, 

said first to fourth terminals and said first to fourth 

coupling circuits being arranged into a ring, 

said first coupling circuit being of a type different 

from a type of said fourth coupling circuit, and said 

second and third coupling circuits being identical in 

type. 

said first, second, and fourth terminals of said first 
phase inverter being said input terminal and said 
two output terminals thereof, respectively, 
said first, second and fourth terminals of said sec- 
ond phase inverter being said two input terminals 
and said output terminal thereof, respectively, and 
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said third terminals of said first and second phase 
inverters being grounded through first and second 
resistors (R1 , R2). respectively. 

20. A push-pull amplifier as claimed in claim 

5 19, characterized in that said first ccupiing circuit 
(100O has two ends which are both ODen, and said 
fourth coupling circuit (100*) has two ends which 
are grounded so that said first coupling circuit s 
different in type from said fourth coupling circuit. 

to 21 A push-pull amplifier as claimed in claim 

19, characterized in that said first coupling circuit 
(lOOi) has two ends which are both grounded, and 
said fourth coupling circuit (100*.) has two encs 
which are both open so that said first coupling 

15 circuit is different in type from said fourth coupling 
circuit. 

22. A push-pull amplifier as claimed in claim 
19, characterized in that each of said second and 
third coupling circuits (100 2 , 100 3 ) has two ends 

20 which are both open so that said second and third 
coupling circuits are of the same type. 

23. A push-pull amplifier as claimed in claim 
19, characterized in that each of said second and 
third coupling circuits (IOO2. IOO3) has two ends 

25 which are both grounded so that said second and 
third coupling circuits are of the same type. 

24. A push-pull amplifier as ciaimed in any of 
claims 19 to 23, characterized in that each of said 
first to fourth coupling circuits (I00t - 100*) com- 

30 prises two coupled lines (10i - 10*) each having a 
length of x/4 where X is a wavelength of each of 
said input and output signals. 

25. A push-pull amplifier as claimed in any of 
claims 19 to 23, characterized in that each of said 

35 first to fourth coupling circuits (100i * 100*) com- 
prises three or more x/4 interdigital coupled lines 
(35i - 35* ) where X is a wavelength of each of said 
input and output signals. 

26. A push-pull amplifier as claimed in any of 
40 claims 19 to 23, characterized in that each of said 

first to fourth coupling circuits (100i - 100*) com- 
prises a directional coupler (35i - 35*). 

27. A push-pull amplifier as claimed in any of 
claims 19 to 23, characterized in that each of said 

45 first to fourth coupling circuits (100t - 100*) com- 
prises a waveguide directional amplifier (80i -80* ). 

28. A push-pull amplifier as claimed in any of 
claims 19 to 27, characterized in that each of said 
first and second amplifiers (A1. A2) has a B-class 

50 amplifying function. 
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(57) A phase inverter includes first, second, third and 
fourth terminals (101 - 104), a first coupling circuit 
(1 OOi ) coupled between the first and second termi- 
nals, a second coupling circuit (1002) coupied be- 
tween the second and third terminals, a third cou- 
pling circuit (100:) coupled between the third and 
fourth terminals, and a fourth coupling circuit (10OO 
coupled between the first and fourth terminals. The 
first to fourth terminals and the first to fourth cou- 
pling circuits are arranged into a ring. The first 
coupling circuit is of a type different from a type of 
the fourth coupling circuit The second and third 
coupling circuits are identical in type. Two output 
signals having a phase difference of 1 80 are drawn 
from the second and fourth terminal when an input 
terminal is applied to the first terminal, and an output 
signal is drawn from the first terminal when two input 
signals having a phase difference of 180 are ap- 
plied to the second and fourth terminals. A push-pull 
amplifier using two phase inverter each having the 
abcve-mentjoned configuration is also provided. 
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